Background: A study was conducted to evaluate the effect of the empirical use of fluoroquinolones on the timing of antituberculous treatment and the outcome of patients with tuberculosis in an endemic area. Methods: All patients with culture confirmed tuberculosis aged >14 years diagnosed between July 2002 and December 2003 were included and their medical records were reviewed. Results: Seventy nine (14.4%) of the 548 tuberculosis patients identified received a fluoroquinolone (FQ group), 218 received a non-fluoroquinolone antibiotic (AB group), and 251 received no antibiotics before antituberculous treatment. Fifty two (65.8%) experienced clinical improvement after fluoroquinolone use. In the FQ group the median interval from the initial visit to starting antituberculous treatment was longer than in the AB group and in those who received no antibiotics (41 v 16 v 7 days), and the prognosis was worse (hazard ratio 6.88 (95% CI 1.84 to 25.72)). More patients in the FQ and AB groups were aged .65 years (53.2% and 61.0% v 31.5%), had underlying disease (53.2% and 46.8% v 34.3%), and were hypoalbuminaemic (67.2% and 64.9% v 35.1%). Of the nine mycobacterial isolates obtained after fluoroquinolone use from nine patients whose initial isolates were susceptible to ofloxacin, one (11.1%) was resistant to ofloxacin (after fluoroquinolone use for 7 days). Independent factors for a poor prognosis included empirical fluoroquinolone use, age .65, underlying disease, hypoalbuminaemia, and lack of early antituberculous treatment. Conclusions: 14.4% of our patients with tuberculosis received a fluoroquinolone before the diagnosis. With a 34 day delay in antituberculous treatment and more frequent coexistence of underlying disease and hypoalbuminaemia, empirical fluoroquinolone treatment was associated with a poor outcome. Mycobacterium tuberculosis isolates could obtain ofloxacin resistance within 1 week.
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T he fluoroquinolones (FQs) were introduced into clinical practice in the 1980s. With broad spectrum antimicrobial activity, they are recommended and widely used for the treatment of bacterial infections of the respiratory, gastrointestinal, and urinary tracts, as well as sexually transmitted diseases and chronic osteomyelitis. [1] [2] [3] [4] In contrast to many other antibiotics used to treat bacterial infections, the FQs have excellent in vitro and in vivo activity against Mycobacterium tuberculosis.
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A recent study conducted in United States showed that empirical FQ use was associated with a delay in the initiation of appropriate antituberculous (anti-TB) treatment. 7 However, this important issue has not been addressed in an endemic area. It is also not clear whether the delay in anti-TB treatment affects survival. We therefore conducted a study to evaluate the impact of empirical use of FQs on the timing of anti-TB treatment and the outcome of patients with tuberculosis (TB) in an endemic area.
METHODS
This retrospective study was conducted in a 1500 bed tertiary care referral centre in northern Taiwan where the incidence and mortality of TB in 2003 was 62.4 and 5.8 per 100 000, respectively. 8 We searched the records of the mycobacterial laboratory from July 2002 to December 2003 and found all the newly diagnosed patients aged >14 years with culture confirmed TB. The medical records (including pharmacy records and the interview records from TB case managers) of each patient were reviewed. Acid-fast smear (AFS), mycobacterial culture, and susceptibility tests were performed as previously described. 9 The chest radiographs were independently reviewed by two pulmonary specialists. If a discrepancy was noted between their interpretations, the image was further reviewed by one chest specialist blinded to the results.
Respiratory symptoms were defined as cough, dyspnoea, pleuritic chest pain, and haemoptysis. Constitutional symptoms included fever, malaise, night sweat, or weight loss. Headache or a change in consciousness were considered central nervous system symptoms. Musculoskeletal symptoms included arthralgia or backache. Abdominal symptoms were defined as abdominal pain or distention. Clinical improvement was defined as improvement of any of the presenting symptoms, chest radiographic findings, and laboratory data. 7 Pulmonary TB confined below an imaginary line traced across the mid point of the hila and including the parahilar regions on the chest radiograph was defined as lower lung field TB. 10 Disseminated TB was diagnosed if M tuberculosis was isolated from the blood, bone marrow, liver biopsy specimen, or from two or more non-contiguous organs. 11 Chronic renal failure was defined as a serum creatinine level higher than 20 mg/l. 10 12 Standard anti-TB treatment consisted of isoniazid, rifampicin, ethambutol and pyrazinamide, and was modified according to the presence of concomitant hepatic and/or renal disease, adverse effects, and the results of drug susceptibility testing after it became available. In patients with liver disease pyrazinamide may be omitted. The anti-TB treatment was considered early if it was started within 14 days of the initial visit and was judged as completed if fulfilling the definition of the World Health Organization (WHO). 13 All patients were followed until they completed treatment or until 30 June 2005.
Analysis of data
Differences between groups were analysed using either an independent sample t test or the Mann-Whitney U test for continuous variables and the x 2 test for categorical variables. Survival curves for each variable were generated using the Kaplan-Meier method and were compared using the log rank test. If a significant difference (p,0.05) was found, the variables were entered into a multivariate survival analysis using Cox regression to identify factors independently associated with mortality. levofloxacin in 21, and moxifloxacin in the remaining 16, and the mean (SD) duration of use was 9.5 (6.0) days. The initial diagnosis was community acquired pneumonia in 69 patients (87.3%), septic arthritis in four (5.1%), bacterial peritonitis in three (3.8%), and one (1.3%) each for urinary tract infection, meningitis, and fever of unknown origin. In 18 patients M tuberculosis isolates before and after the use of FQs were preserved. Half of them had clinical specimens collected >7 days after the use of FQs (range 7-18 days). All of the 36 isolates were susceptible to ofloxacin, except one from a patient after using a FQ for 7 days. The patient presented with right knee arthralgia for 1 week and had not taken any medication before coming to our hospital. Among the 469 patients without empirical FQ use, 177 had previously been treated by local doctors and 76 of them had received antibiotics (non-FQ antibiotics in 52, unknown in the remainder). Of the other 292 patients, 137 were not likely to have been treated owing to the short duration of symptoms ((14 days).
RESULTS

Between
The clinical characteristics of the 548 patients are summarised in table 1. The age, presence of underlying disease, extrapulmonary involvement, respiratory or constitutional symptoms, duration of symptoms, pulmonary cavitation, serum albumin level, and result of sputum AFS were significantly different in the three groups. Of the 50 asymptomatic patients, 24 (48%) had only one positive mycobacterial culture; 23 of these had a pulmonary lesion which resolved after anti-TB treatment and only one (0.2%) with TB peritonitis had normal chest images.
Anti-TB treatment was started within 14 days of the initial visit in 249 patients (45.4%), including nine (11.4%) in the FQ group, 90 (41.3%) in the AB group, and 150 (59.8%) in the control group. In comparison with patients in the other two groups, for those in the FQ group there was a delay in testing (p = 0.037 for non-FQ antibiotic group; p = 0.040 for no antibiotic group) and treatment for TB (p,0.001 for both groups), and patients in this group had a worse prognosis (p,0.001 for no antibiotic group) (table 2). For patients with smear negative specimens, those in the FQ group were treated a median of 42 days after the initial visit and 31 days after mycobacterial culture was ordered while, in the other two groups, patients were treated 27 and 13 days after the initial visit and only 16 and 1 days after mycobacterial culture was requested, respectively (p,0.001 for both groups). Fifty two patients in the FQ group (65.8%) experienced clinical improvement in symptoms (n = 40), chest radiographic findings (n = 19), or laboratory data (n = 14) in a mean of 4 days after empirical use of FQs (range 1-14 days).
Of the 12 patients in the FQ group who died of TB (table 2) , the cause of death was septic shock without any bacteriological evidence other than M tuberculosis infection in eight, respiratory failure due to extensive pulmonary inflammation in three, and sputum impaction in one. No events of sudden death as a result of prolongation of the corrected QT interval (QTc) were noted. In the other two groups, 15 patients died of septic shock without any evidence of concomitant bacterial infection other than M tuberculosis and eight died of respiratory failure (seven due to severe caseous pneumonia and one to sputum impaction). A total of 45 patients (13 in the FQ group, 30 in the AB group, and two in the control group) died within 3 months of the initial visit. At the terminal stage ciprofloxacin resistant bacteria were isolated from eight (61.5%), eight (26.7%), and one (50.0%) of the three groups, respectively (p = 0.090). Among these, multidrug resistant Pseudomonas aeruginosa or Acinetobacter baumannii, defined as resistance to two or more classes of antipseudomonal agents, 14 were isolated from four, two, and one, respectively (p = 0.052). One patient in the FQ group, two in the non-FQ antibiotic group, and five in the no antibiotic group died after completion of TB treatment.
To identify the factors associated with the different prognosis in the three groups, survival analysis was performed on the 11 variables with significant inter-group is associated with increased mortality in univariate analysis but that, after adjustment for confounders, the effect of non-FQ antibiotics is not significantly different from no antibiotic treatment whereas the increased mortality with FQs remains strong and significant. Other independent factors for a poor prognosis included age .65 years, hypoalbuminaemia, and lack of early anti-TB treatment.
DISCUSSION
Our findings have confirmed that the empirical use of antibiotics, especially FQs, for presumed bacterial infection could delay the treatment for TB, especially in patients with smear negative specimens. 7 15-18 Our results also show that patients who receive an FQ (but not non-FQ antibiotics) before standard anti-TB treatment have a poorer prognosis, most likely as a result of the emergence of drug resistant bacteria and the association with ageing, underlying disease, malnutrition, and delayed treatment. With empirical use of FQ for 1-3 weeks, 11.1% of the M tuberculosis isolates became ofloxacin resistant.
In a study conducted in Baltimore where the incidence of TB is relatively low, empirical FQ treatment was given to 16 patients with TB during a 40 month period and was associated with a significant delay in starting anti-TB treatment (21 v 5 days). 7 Although the proportion of TB patients who received FQs in our study was less than that in Baltimore (14.4% v 48%), we found that the impact of widespread FQ use was greater in an endemic area of TB, with 79 patients during an 18 month period receiving empirical FQ treatment in whom anti-TB treatment was significantly delayed (table 2). Most of this delay occurred between the time that the bacteriological tests were ordered and the anti-TB treatment was started. However, the time required for the mycobacterial isolates to grow was similar for the three groups.
The proportion of patients who received TB tests at the initial visit was not significantly different, but the time from the initial visit to ordering TB tests was significantly longer in the FQ group. There are two possible reasons for these findings. Firstly, with the excellent in vivo activity of FQs against M tuberculosis, 5 6 about two thirds of our patients with TB who had received an FQ showed clinical improvement so laboratory tests for TB were often not ordered until a later date (17.5 days v 11.4 days); this difference was not statistically significant. Even if the laboratory tests were performed with a partly improved clinical course and low index of suspicion, anti-TB treatment would not be started until the culture became positive and M tuberculosis was identified. Secondly, more patients who received an FQ were elderly and had hypoalbuminaemia and underlying comorbid conditions, implying a poor general condition. They might therefore be too weak to expectorate adequate sputum specimens for TB tests which could result in a low smear positive rate and delayed treatment. Our analysis showed that the empirical use of FQ was independently associated with a poor prognosis, most probably owing to the emergence of ciprofloxacin resistant isolates and multidrug resistant P aeruginosa or A baumannii, which has been reported to increase infection related mortality and a deterioration in the survival rate. 14 19 In addition, inappropriate use of FQs can result in the development of FQ resistance in M tuberculosis.
20-22 Although we were unable to verify the previous medication history, our finding was consistent with the case reported by Ginsburg et al who showed that FQ resistance can develop after only 13 days of exposure and suggested that mycobacterial resistance to FQ could potentially occur during a short course of treatment for a common bacterial infection. The delay in anti-TB treatment resulting from empirical FQ use further increased the morbidity and reduced the survival of TB patients. [23] [24] [25] In agreement with our previous study, 10 the survival analysis showed that death from TB was significantly affected by the presence of conditions that would alter cell mediated immunity including ageing, 26 underlying systemic diseases such as diabetes mellitus, 27 malignancy, 28 and chronic renal insufficiency, 29 and a low serum albumin level, 30 further emphasising the importance of cell mediated immunity in the defence from TB infection.
We also found that the empirical use of non-FQ antibiotics was associated with a delay in anti-TB treatment but not in ordering TB tests, which suggests that the delay was due to the time inherent in taking a course of antibiotics and waiting to see if there is a clinical response. 18 Like patients in the FQ group, those in the non-FQ antibiotic group were older and more poorly nourished, more often had underlying diseases, and presented acutely with constitutional symptoms and lower lobe infiltrates (table 1) than those who had received no previous antibiotics. They therefore tended to have an initial diagnosis of acute pneumonia which contributed to the delay in anti-TB treatment. However, the delay in this group was less than that in the FQ group, probably because the progressively deteriorating disease raised the suspicion of TB and prompted anti-TB treatment. Patients in the FQ group, on the other hand, could show improvement with the use of FQ treatment which masked the presence of TB and markedly delayed the diagnosis. Although patients in the FQ and non-FQ antibiotic groups were similar in age, degree of malnourishment and underlying disease, those in the non-FQ group who died tended to die earlier than in the FQ group (table 2), probably because the bactericidal effect of the FQ on M tuberculosis partially alleviated the progression and prevented early mortality.
Our study was limited by the possible bias in patient selection because it was conducted in a tertiary care referral centre and only culture confirmed cases of TB were included. Another major limitation was the unavailability of the previous medication history, as many of the patients not treated empirically with FQs could have received FQs before coming to our hospital. However, our analysis showed that the widespread use of FQs for the treatment of bacterial infection resulted in a delay in the treatment of TB and a worse outcome in an endemic area. Our data revealed that 14.4% of our TB patients received FQs before diagnosis of TB. By causing the emergence of resistant bacteria, a significant delay in the initiation of anti-TB treatment, and association with conditions that compromise cellular immunity, the empirical use of FQs in patients with TB was associated with a poor outcome. In addition, the M tuberculosis isolates could become resistant to ofloxacin within 1 week. We therefore conclude that, in an endemic area of TB, a high index of suspicion is required. M tuberculosis should be considered as a possible causative pathogen in every infectious disease, whether or not clinical improvement is noted after the use of an FQ, and appropriate bacteriological and histopathological tests for TB should be performed as early as possible. Competing interests: none declared.
